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I, Jean-Marc Juteau, do hereby declare and state as follows: 

1 . I received the degrees of Bachelor (B.Sc.) of Biology fioin Montreal University in 
1985, Master (M.Sc) of Microbiology and Immunology finom Montreal 
University in 1988, and Doctor of Philosophy (PhJD.) of Microbiology and 
bnmunology fiom Laval University in 1991 . 

2. My academic background and experiences in the field of the present invention are 
listed on the enclosed curriculum vitae. 

3. I am a founder since 1999 of REPUCor Inc. and Senior Vice President since 

2002. 

4. I am an author of sevwal scholarly publications as listed in my enclosed 
curriculum viiae. 
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5: I am an inventor in the present appHcation; I have read and am fhorou^ly 
femiliar with the contents of U.S. Patent Application Serial No. 10/661,415 
entitled "A^mVlRAL OUGONUCLEOTIDES TARGETING RSV". including 
the claims. 

6. I have also read and vinderstood the latest Official Action from the PTO dated 
April 28. 2006. In this Office Action, claims 1-2. 14-32 and 38 were rejected for 
lack of enablement under 35 U.S.C. §1 12. first paragraph. 

7. The following experiment had been performed in Nov. 2004 for the respiratory 
syncytial vims (RSV) cotton rat model under the supervision of Andrew Vaillant 
(inventor on this invention) and myselfi to obtained results in an animal model of 
RSV infection showing the in vivo antiviral activity occurring by a non-sequence 
complementary mode of action of oligonucleotides of the present invention. RSV 
is a member of the Paramyxoviridae as for tfve parainfluenza virus. This in vtvo 
cotton rat model of RSV infection is a recognized predictive model that con be 
used for the demonstration of a drug treatment activity. 

8. The foUowing experiments were conducted to evaluate the therapeutic antiviral 
activity of sequence independent oligonucleotides in vivo. 

Respiratory svncvtial virus 
RSV infection in the cotton rat is an animal model which has been predictive of 
antiviral activity against respiratory syncytial virus (RSV) infections in humans. 
The model is widely accq>ted for testing the activity of compounds in vivo 
(Maggon & Barik, 2004. Rev, Med Virol. 14:149-168; SidweU & Barnard, 2006. 
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Antiviral Res. 71:379-390) While the progression of infection in this model is 
slower than in mice (or in humans), it has been demonstrated that the viral 
receptor utilization by RS V in the cotton rat is highly similar to ihal in humans. 

A phosphorothioated 40mer randomer (REP 2006) was administered daily to 
cotton rats by aerosol inhalation starting 1 day prior to infection with a human 
stain of RSV (rat adapted) and continuing for 2 days after infection. BEP 2006 
was prepared as a 100 mg/ml solution of the sodium salt of REP 2006 into water. 
The solution was heated to 65»C for 15 minutes, and then allowed to cool to room 
temperature. Cooled solutions were then filter sterilized using a 0.22um cellulose 
acetate filter. Solutions were stored at -20«'C until use. Samples were thawed to 
room temperature and then heated to 37*0 for 5 minutes before administration. 
RK« 2006 solution was added to Ae reservoir of a Acrotech H nebulizer and was 
then used to generate REP 2006 aerosol using air deUvered to the nebulizer at a 
flow rate of 10 L/min @ 15 PSI. REP 2006 aerosol was directed using standard 
medical aerosol tubing into the cage where the mice were situated. Aerosol 
exposure was allowed to continue for 30 min which used approximately 10 ml of 
REP 2006 solution. Antiviral activity assessed by die detennination of viral titers 
in the lungs, is reported in Table 1. 
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Table 1. . 

Effect of aeroso) administraticm of ONs in RSV infected cotton rats. 



REP 2006 dose and route of 
administration 


BSV lung titer qogio/g 
Imig) 4 days after infection 


0 (placebo control) 


3.9 


2X100mg/niI/day (10ml aerosol) 
24h after infection 


2.8 



These results show tliat oligonucleotides of this invention are an effective and 
significant in vivo treatment against an Paramyxovtridae infection such as RSV. 
The administration of oligonucleotides of the present invention was weD tolerated 
in this model. 

9. The results presented hereinabove and produced according to the teaching 
disclosed in the U.S. Patent Application Serial No 10/661,415. clearly proves that 
that the present invention has clinical relevance and in addition, that the in vitro 
results disclosed in the present application do not diverge ftom in vivo responses. 
The antiviral activity occurring by a non-complementary mode of action of 
oligonucleotides of the present invention is demonstrated in vivo in a predictive 
model of RSV infections. 
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10. 1 hereby declaie that aU statements made herein of my own knowledge are tme. 
and that all statements made on infomation and beUef are beUeved to be true, and 
that these statements were made with the knowledge that willfUl felse statements 
and the like so made are punishable by a fine or imprisoirment, or both (18 U.S.C. 
Sec. 1001). and may jeopardize the vaHdity of the application of any patent 
issuing thereon. 



Signed "^^^ " ' t'-'-^^-'^*^--**^ Dated: Sept 13^ 2006 

Jean-Marc Juteau 
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Abstract 



T. . r . • n>^vi i«r^ons rnmftin a siniificdTit public health problem throughout Ihe world, fdlhoush rcccnUy developed 

TZ^l ^rSr.asU ieodcd .0 develop S« and-RSV «ing both in v««> XS-^fo'^e^xS^"^^^ 

and Tmate modd. with sevcret products now in various smges of clinical snidy. Sweiftl ptoducts Bie -Uo being considered for the 
Si^'ymSfoV RS V. to ihi^^vicw. updates on a>e smms of the approved «U-RSV «.tlbodic*. ribavirin. «.<J recent »<ults of «ad,e. W.U. 

poteoiial new anti-RSV ccimpounds arc fiutnmaiized and discussed, 
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1. IntrodiictioD 



UK Sidwelt, D,L Bnmani/AnnviratKeseartli 7 J (2006^ 379-390 

results of animal tesLing to human studies have not yet been 
completed. 



Respiratory syncytLll vmis (RSV) infectioTi:5 coDtinuc lo be a 
serious public health problem throughout ihe world. The disease 
occurs during ihc winter months in lemperatc cllmattts and, in 
the tropics, during the rainy season; evidence is accumulaling, 
however, suggesting the RSV infection may be a year-round 
event in some areas (Halstead and Jenkins. 1998). The infec- 
lioD is considered the most imporlant cause of lower respiratory 
tract infections worldwide in infants, particularly those less than 
6 months of age, being responsible for high morbidity and mor- 
taliiy (LeuQS et al.» 2005; Anon., 2005). RSV is also a significant 
cause of Tcspiratory infection among the elderly (Thompson cl 
a!., 2003; Falsey and Walsh, 2006) and among bone mariw 
recipients ^bbert and Limper, 2005). Vaccines are not available 
forprotccuon against the RSVinfeciion; indeed, aphenomenon 
known as *'immunopolcniiatlon" or "vaccine-enhanced disease" 
has been seen in the study of some potential RSV vaccines 
(FniginiU ci al., 1969; Kapikian et al., 1969; Kim cl aL» 
1969). 

The purpose of this review is to consider recent developments 
in antiviral agents which may have potential For treatment of 
this important virus infection, as well ajs to review information 
about those materials approved for prophylaxis or therapy that 
are presently in use. 

2» In vivo test methodology 

TVvo animal models have routinely been used to evalu- 
ate potential RSV inhibitors, these being the mouse and the 
cotton rat {Sigmodon htspidus). Rarely, non-human primates 
(African grccn monkeys and chimpanzccii>have also been used; 
the paucity and high cost of primates have discouraged their 
widespread use, although some laboratories have tuned to pri- 
mate studies for late phases in RSV drug development (see 
T^ble I). The guinea pig can develop an RSV-induoed brtm- 
chioUtis and manifestations of asttima (Robinson et ai., 1996; 
Biamley ct al., 1999, 2003), but has rarely been used for antivi- 
ral studies. The mouse and cotton rat models offer similar 
parameters for evaluation of potential RSV inhibitors: moder- 
ate vims titers in tissues of the rcspimtory tract, and pulmonary 
histopathology. An effective anti-RSV dose lias been defined 
as a 100-fold reduction in virus load in the lungs (Ma&gon 
and Bank, 2004); this is an inhibition generally greater than 
seen using ribavirin in mice or cotton rats (Tabic 1 ). In view 
of the questionable utility of ribavirin in the clinic (discussed 
in Section 4.6.1), this 2 logm inhibition standard would appear 
appropriate, although an even greater titer inhibition would be 
desirable. Consideration also should be given to histopatholog- 
ical findings, although quaniitadon of such findings is difficult 
Another concern in the interpretation of animal model results 
is the extrapolation to human outcomes of timing of creai- 
menl initiation relative to viru^ eicposure in tiie animal modeL 
In Ihc laboratory animal, treatment is usually begun within 
24h of virus exposure; however, in the human infant, therapy 
usually would oot begin until perhaps 3 days after manifcs- 
lations of the RSV disease. Satisfactory comparisons of the 



3. Prophylaxis 

AxUi'RSV aniihodies 

Undl a safe and effective antiviral can be developed fox treal- 
D^i of RSV infections, prevention of the infection by use of 
anti-RSV antibodies appears to be the most acceptable approach. 
Two antibodies are currendy approved for treatment of RSV dis- 
ease: RSV-IGTV ORespiGam®). which is RSV immune globulin, 
and palivizumab (Synagis® ), which is achimeric humanized IgG 
monoclonal antibody, both produced by Medlmmune Inc, 

The RSV-IGfV is a preparation of polyclonal-coucentrated 
RSV neutralizing antibody obtained from the sera of adult 
humans. An infusion of 750 mg/kg administered monthly to pre- 
maturdy bom infants has been reported to significanUy decrease 
hospitalization and to reduce the number of hospital days witli 
oxygen (PREVENT Study Group, 1997). However, the prod- 
uct is derived from blood, and consequently, has ihc potential 
to transmit blood-borne pathogens; flirther, its viscosity, cou- 
pled with required high volumes for administration, may lead 
to fluid overload. The matwial is usually given in a 2r-4 h intra- 
venous infiLsion (Kamal-Bahl et al-, 20O2). RSV-IGIV must be 
administered under medical surveillance. With the introduction 
of palivizumab, use of the product has dramatically declined 
(Barton etal., 2001). 

I^ivizumab. a humanized monoclonal antibody directed to 
an epitope in the A antigenic sitis of the P-proteiu of RSV, was 
approved in 1998 for the prophylaxis of infants at high risk 
for RSV infection. The product is 50-l(X) times more potent 
than RSV-IGIV (Johnson et al., 1997), and is now being used 
worldwide with considerable success as shown by randomized, 
double-blind, placebo-conirolled trials (Cardenas el al., 2005). 
Palivizumab 1.5 licensed for intramuscular injection of 15 mg/kg 
administered at monthly intervals throughout the RSV season. 
No resistance to palivizumab has yet been reported, and all 
strains of RSV appear to be neutralized by it. Although this prod- 
uct has an excellent record in preterm infants, widi a reported 
78% exhibilingprotecdon agamstRSV, infenis with bronchopul- 
monary dysplasia or congenital heart disease have had a sigiuf- 
icanlly lower rate of protection (Cardenas et ai., 2005). This 
lesser effect has been attributed to an inisufficient serum concen- 
tration, which would be alleviated by using a higher monthly 
dose (Cardenas et al.» 2005). 

An improved version of palivizumab, designated as MEDI- 
524 (Numax™), is now in Phase III clinical evaluation. This 
antibody appears to bind 70-fold better to the RSV F-protein 
than palivizumab (Wu et al., 2005). It is more potent hi neu- 
tralizing RSV in vitro, and in RSV-infected mice (Mejias cl 
al., 2005). Palivizumab exerts its proUxsdon by preventing the 
spread of virus into the lower respiratory iract» Ihus lessening the 
clinical manifestations of bronchiolitis; MEDI-524 also inhibits 
nasal replication of RSV, which may lead LO inhibition of upper 
respiratory tract infections and otitis media (Cardenas et al., 
2005). 
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4. Potential therapeutics 

4.1. Virux targets 

RSV hdQng$ to Ihe genus Pneumovirus of the family 
Paramyxoviridae. It is an enveloped virus containing a single- 
strandEil. non-segmented, minus sense RNA. Hie RNA is 15 kDa 
and encodes 1 1 proteins, eight of which comprisE the viiion. Of 
the eleven pioleins, three are surface glycoproteins designated 
as G-, and the hydrophobic SH-proiein, F- and G-proleins 
protrude through the envelope of the viius and are responsi- 
ble for attachment (G-protein) and fusion (P-protein) to hcwt 
cells. The F-proteJn is cleaved from a precursor FO-protein 
by cellular enzymes to produce the disulfidc-linked Fl and 
F2 subunits that are the virion F-protein. SH is a small inte- 
gral membrane protein whose function is not clear. It seems 
to be phosphorylated by an MAPK p38-dependant tyrosine 
kinase to achieve its normal cellular disiribution in infected 
cells (Rixon ct al., 2005). The imier portion of the envelope 
interacts v^lh the mature (M) protein, which directs the assem- 
bly of virions wlihin the inner side of ihe host cell membrane 
from which the viral envelope is defrivcd. Within the envelope, 
posterior to the M-proxein, is Ihe nucleoc^sid, wliich is made 
up of the major nueleocapsid N-proteln that binds to genomic 
RNA, aphosphoprotcin (P), a n^anscription anti-tenmnaior fac- 
tor or iranscriptase proccssivity factor (M2-1), and the large 
polymerase subunit (L), which is a RNA-dependant RNA traa- 
scriptasc. in addition, there are two non-slructural proteins 
referred to as NSl and NS2 and a regulatory pioicin known 
asM2-2. 

Inhibitors of RSV thai have been reccnUy evaluated for 
efficacy fkll into five general modes of action groups: those 
that inhibit attachment/fusion, oligonucleotides that target 
vn-al RNA, those that target die N-protein, those that inhibit 
some function of the vims RNA-dependant RNA polymerase, 
and thase that inhibit inosine monophosphate dehydrogenase 
(IMPDH), although the latter may or may not represent the actual 
mode of inhibiting RSV replication. 

4.2. AttachmerUJfitsion inhibitors 

The F- and G-proteins are involved in virus attachment and 
fusion, although the F-protein alone is suffideni to promote 
attachment to cells, subscqoendy leading to a productive viral 
infection (Karron et al., 1997). G-protein may simply enhance 
anachment to a target cell, but F-proiein probably binds lo a 
specific receptor (Tcchaarpornkul et al., 2001). The host cell 
receptor appears to be a glycosaminoglycan containing heparin 
sulfate (Ha)lak et al.» 2000). since addition of heparin blocks 
virus atrachment in vitrO (Krusat and Slrccken, 1997). Thus, 
numerous compounds of various classes have been synthesized 
which target aiiachment or the fusion activity ofRS V, with fusion 
inhibitors predominating. The following reviews those thai have 
proceeded to clinical trials and also more recently developed 
fusion inhibitors no< yet announced to be in clinical trials. Sec 
T^k 1 for an overview of each material which has undergone 
in vivo study which has been discussed in this review. 



4.2.L VP-24637 

VP-14637 (5,5'-bistl-(((5-anaiDO- l/y-tetrazolyl)iimno)- 
methyl)] 2.2'.4"-methylidynetrisphenol; Fig- i) ^as one of the 
first fusion inhibitors to progress to Phase I clinical trials- It is 
a triphenolic compound which apparently binds into the small 
hydrophobic cavity in the inner core of the F-protein, either 
preventing early iransient Z conformation changes in the fusion 
process or by preventing formation of six-helix fusion cotc as 
*e heptad repeats interact (Douglas et al., 2005). VP-J4637 is 
a broad-spectrum inhibitor of RSV strains, inhibiting the virus 
in vitro at concentrations of 2nM Or less (Douglas et al., 2005; 
wydc et al,. 2005). in cotton lais, treatment by small droplet 
aerosol for 60min significantly reduced mean lung vims liters 
(Wyde et al., 2005), VP-14637 was in phase I trials prior to a 
decision not to develop it fiirthcr, in part due to developmental 
costs. 

^.2.2. BMS^3377J 

Benzotriazole benzimidazoles represent anotlier class of 
inhibitors that prevent fusion of RSV to host cell membranes. 
In particular, BMS-433771 (l-cyclopropyl-l,3-dihydro-3- 
U 1 - ( 3 - hydroxypropyl )-1 W-bcn2imidazol-2-yl Imethyl ]-2//- 
jmidazo[44-c]pyridin-2-one; Fig. l)» an azabenrimidazolone 
derivative, targets the hydrophobic pocket within the trimcr of 
hairpins of the F-1 protein, a class I fusion protein (Cianci et al„ 
2004b). It apparently interferes with the normal association of 
the N- and C-terminal heptad repeats found within the binding 
pocket ihat occur as part of the fusion process (Cianci et al.^ 
2005). BMS-433T71 is active against multiple RSV strams, 
with a 50% inhibitory conceim-ation (ICjo) of 20 nM (Cianci 
et al., 20Cy4b). In a T cell-deficicni BALB/c mouse model, the 
orally active compound (50jjig/kg) also significantly reduced 
virus tilers in the lungs. The compound was well tolerated. 
The ECjQ in the BALB/c mouse was detezmined to be 12nM. 
The compound was somewhat less inhibitory to lung virus 
replication in cotton rats than in mice (Cianci et aL, 2004a,c). 

4.2.3. RFl'641 

RFI-641 (4,4'-bis-4,6-bis-t3-(bis-carbamoyhnetfjyl-sul- 
famoyl)-phenylamino]-[l,3,51 triazin-2-ylamino-biphenyU 
2.2'-disulfottic acid; Fig- I) from Wyeib-Ayerst (Pearl River, 
NY) is biphenyl tiiazine anionic compound that is an analog 
of CL-309623. a previously identified dendiimer-like stilbene 
mhibitor with antl-RSV activity (Gazmnyan et aL, 2000). Like 
ihe parent compound, RFi-641 inhibits RSV fusion mediated by 
the F-protein by directly interacting with thai protein (Razinkov 
et al., 2002). The compound inhibited both A and B strains 
of RSV with ECao values in the 20 nM range. It was also 
relatively non-toxic with selective indices ranging from 417 to 
2500 (Douglas, 2004). The drug has been evaluated extensively 
in small animal models (Huntley et al., 2Q01) and in African 
green monkeys (Weiss ei aL. 2003). In the mouse, RFT-641 
at 1.3mg/k^ delivered intranasally 2h prior vims exposure 
reduced vims lung titers by 1.51ogio plaque-forming units. 
In cotton rais using a similar prophylactic dosing regimen, 
doses up to lOmg/kg reduced lung virus titers by >3Iogio< Iti 
tfiB primaie, RFI-641 prophylacdcaily dosed at 6mg reduced 
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nasal virus titers by >3.41ogio over a period of 10 days. 
Using intranasal admiiusttaiion, lung vims titers were only 
substantially reduced after a 2h exposure to the compound 
(Weiss et al., 2003). When given 24 h after virus exposure 
and using daily doses thereafter, nasal virus tilers were also 
significantly reduced (Hundey et ai.. 2002). 

RFI-641 wa3 in Phase H clinical trials in 2000-2001 
for die secondaiy prevention and therapeatlc treatment 
of RSV iofeciioas io adults (hUp://www.uchsc.edu/peds/ 
re$earch/ri/cU)/rcsJ'und/index.htiu). 

4,2.4. JNJ-740606a 

mj-2408068 (2-[[2-(r I -(2^aminoeihyl)-4-pjperidinyl]aini. 
no]-4-nicihyl-lJ^-benzlinidazol-J-yl]-6-incihyl-3-pyridijioiioI]; 
Fig. 1), is being developed by Johnson & Johnson (Raritan, NJ). 
It has very similar mode of inhibiiion to VP- 14637 discussed 
earlier (Douglas ei al., 2005). The compound is potent in vitro 
(£C5o = 0.16 nM), is not cytotoxic at concentrations >100 jxM, 
arKi inhibits all members of ihc pneumovirus genera except for 
the mniine pneumonia virus. In coUon rats, the compound was 



administered by aerosol for 15 min, cither prior to or after virus 
exposure. Lung virus tilers were reduced to below detectable 
limits (Wyde et al., 2003). Tt appeared well tolerated, but has 
limited oral bioavailability QDouglas, 2004). 

4,2,5, MBX300(NMSO'3) 

MBX 300 (Microbiotix, Worcester. MA) is C2,2-bis(do- 
cosyl-oxymethyl)propyl-5-acetoamido-3, 5<iideoxyl-4, 7, 8, 9- 
ictra-a-(sodium-oxysulforryl) - D-glycero-o-galacto-2-noniilo- 
pyranosidlonate (Fig. 1). The compound apparently targets the 
attachment phase because its laigel is the G-protein. It is a 
specific inhibitor of RSV (Kimura et aL» 2000) with EC50 values 
from 0.2 to 0.3 piM (Douglas, 2004). In couxsn rals, wlien admin- 
isieicd iniraperitoaeally ai 100 mgAcg/day, lung virus liters were 
significantly reduced 3 days post-vinis exposure (Dougla.s, 
2004). According to Microbiotix* MBX 300 has undergone 
preliminary .toxicology studies, induding t)csting in Cynomol- 
gus monkeys (http://www.mlcrobiodx.comyipr030502.htm) and 
has spc5cific and potent oral and-RSV activity as well as an 
excellent safety profile. Microbiotix will be advancing MBX 
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300 through preclinical development and expects to initiate 
clinical studies in the near future. 

4.2.6. Small peptide fusion inhibitors 

Recently, Lhiee peptides containing multiple copies of alter- 
nating HRl and HR2 sequences of the terminal hepiad repeats 
of the F-proiein and denoted as 5-helix» HR121 andHR212 were 
designed to inhibit F-protein mediated fusion (Ni et al., 2005). 
The5-helix,HRl21 and HR212proieins were Functionally anal- 
ogous to single HRl, HR 1 , and HR2 sequences of terminal ends 
of the F-protein, respectively. The Uiree proteins were potent 
fusion inhibitors in viiro with TC50 values ranging Irom 3 to 
8 pM as detei'mined by a visual syncytial reduction assay. These 
pq)tides lepreseni a targeted design approach for discovery of 
fusion inhibitorsS and uouid be lead compounds for ihe develop- 
ment of peptide RSV-pcptide inhibitors. 

4,3. Oligonucleotides that target viral RNA 
( cuirisefLfe/iiRNA) 

Much has been reviewed regarding the Ihcoiy, approaches 
used, and autempts to develop antisense oligonucleotides as ther- 
apies for RSV disease (Maggon and Barik, 2004; Cramer, 2005, 
Leaman, 2005). Strategics pursued have included antisense 
phosphoroihioate oligodeoxyribonucleoiides (ODN) (Jairalh et 
al., 1997), short interfering double-stiandcd RNA molecules 
(siRNA) (BiOco ct al., 2005), and 2-5 A aniisense chimeras 
(Barnard et al., 1999; Tuucnce, 1999). One phosphorothioate 
ODN targeted to repedtivcintergenic sites with the RSV genome 
appeal^ significantly effective versus the virus (Jairaih et al., 
1997), but development never proceeded into the clinic, due, 
in part, lo side effects (Siddiqui-Jain ct al., 2002). Much study 
is underway with the siRNAs; a recent report by Bitko et aL 
(2005) showed that intranasal instillation of an In viu'o-active 
siRNA into RSV-infected mice was significantly inhibitory to 
die infection. Treatment begun 4h before the virus infection 
reduced the lung vims titere by 31ogio and prevented pul- 
monary pathology from defveloping. When therapy began after 
virus exposure, the antiviral effect was progressively less, but 
continued to lower the virus tit^s. It should be noted thai an 
siRNA being developed by Alnyhim Fhaimaceuticals, desig- 
nated as ALN-RSVOl, is claimed to be significandy inhibitory 
to RSV in vitro and in animal models, and the product^ to be 
administered directly to the lungs, is now In Phase I clinical 
trials (Thomson CenterWatch Clinical Trials Listings Service; 
http://www.ccnlcrwatch.coni/pfofessional/cwpipe1ine/). Noth- 
ing has yet been published regarding the antiviral activity of 
ALN-RSVOl. The use of 2-5 A antisense strategy is also in 
develc^mental stages, but data have been recently published 
indicating this approach may also have promise. The 2— 5 A 
antisense chimera designed RBI034 has demonstrated potent 
anti-RSV efficacy in vi tro (Xu ct al., 2004) and aerosolized deliv- 
ery TBduced RSV infections in mice, cotton rats, and African 
green monkeys (Leaman et al., 20U2; Cramcx, 2005)* Of poten- 
tial significance is the observation that the combination therapy 
using RBI034 with ribavirin was more effective than either mate- 
rial used alone (Cramer et al., 2005). Some uichnicai problems 




A-6Q444 

Hg. 2. N-pmtcin inliibiLiir. 



have slowed the progress of antisense antivirals; these include 
enhanced delivery to the target cells, a need to improve stabil- 
i^, a wider therapeutic window, and the challenge of large-scale 
synthesis (Maggon and Batik, 2004; Leaman, 2005). 

4.4. N-protein iriJubitors 

A-60444 (RSV-604) is a 1,4-benzodiazepinB derivative with 
the general structural configuration as shown in Fig. 2 (Kelsey 
et al.. 2004; Carter et al., 2006). In resistant mutant stud- 
ies, the compound was found to be unique in that it appar- 
cndy targets the N-protein of RSV (Wilson, 2004). The 
in virro inhibitory activity is in the submicromolar range 
for both A and B RSV (Wilson et al.. 2004). In Phase 
T clinical trials in the United Kingdom the compound was 
found safe and well tqlcnitcd without any serious adverse 
effects (Thomson CenterWatch Cliuical Trials Listings Service; 
htip;//www.centerwatch.com/professional/cwpipeline). 

Pharmacoldnetic studies frcmi this (rial suggested 
that once daily dosing was feasible. The compound 
has now entered Phase If clinical trials (http*7/www. 
clinicalmals.gov/ct/sliow/NCT00232635?ordci=l) to eval- 
uate the antiviral effect of nasal/oral administration versus 
placebo in post-stem cell transplant patients with RSV infection 
and to assess the safety of the product. The pharmacokinetics 
of A-60444 in the presence of concomitant medications such as 
immunosuppressants and anti-lvngal agents will also be stud- 
led. The open-label portion of the trial is now complete and the 
placebo-controlled trials are underway (Powdl, CEO, Arrow 
Pharmaceuticals, pcisonal communication). It is disappointing 
that detailed in vivo anti-RSV data are not yet available for 
this compound so thai comparisons can be made to che other 
potential RSV inhibitors described in this review. 

4.5, RNA-^ependcmi RNA polymerase inhibitors 

A number of imida2o[4,5-h)i$oquinoline-7.9-diono inhi- 
bitort were synthesized that targeted the guanylylarion of viral 
tianscripia (5' cap) of the RSV ribonucleoprotein (RNP) com- 
plex (TJuT^si et al„ 2005). The roost potent of these inhibitors was 
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Fig. 3. RNA-dependimi RNA polymoBsc inhibiuirs. 

4-aTnino-8-(3-{L2-(3,4-diniethoxyphenyl)ethyl]amino}propyl)- 
6,6-dimethyl-2-( 4-nieihyl-3'riiirophenyl )- 1 //-imidazo[ 
isoqiiinoline-7,9(6£r.8fO-dione (Compound D; Fig. 3). These 
inhibiionj may bind lo a region in ihc L-protein with siniilarilies 
to NDK motift; NDK proteins play a role in maintaining 
the balance of iDtracellular nucleotide pools by exchanging 
gamma-phosphaic groups from NTP Lo NDP. These compoonds 
inhibited RSV replication in an ELIS A-bascd assay with EC50 
values ranging from 0.021 to 2. 1 puM. Selectivity indices ranged 
from 30 to 400. In a mouse model, lung vinis liters were 
reduced when the compounds w(»« administered intranasally 3 
and 6 h after vims exposure, then three limes daily for 3 days at 
0.4—4,1 mg/kg/day. 

Recently, a novel benzazepine inhibitor of the L-pzotein was 
discovered bean a large chemical Ixhrdry; it was designated as 
YM-53403 (6-{4-[(biphcnyl-2-ylcarbony])aminolbcn2oyl}-//- 
cyclopropyl-5,6-dihydro-4//-thienot3,2-i/]t 1 ]benzazepinc-2- 
carboxaijiidc (Fig. 3) (Sudo el al, 2005), In a plaque reduction 
assay, the compound inhibited RSV replication at 0.2 m.M. 
Mutant viruses with single point mutations in die L-prolcin 
(virus polymerase) were resistant to the antiviral effects of the 
compound and ti ming studies suggested that inhibition was 
maximal at around 8 h after virus exposure. 

4,6. Inosine monophosphate dehydrogenase inhibitors 

4.6 J. Ribavirin 

RibaviiiD (1 -P-D-ribofuranosyl-15,4-triazole^3- 

carboxamidc, Viia^ole®) is the only anliviiai drug currently 



approved for lieatment of RSV infections. Ribavirin has 
inhibitory effects on a very broad spectrum of vimseis, including 
RSV (Sidwell et al.. 1972). The mechanism of viral inhibition 
by the drug is best described as multi-faceted and includes 
inhibition of IMPDH, inhibition of the 5' cap formation of 
mRNA. and inhibition of viral polymerase by die phosphoty- 
lated forms of die compound, although the specific mechanism 
by which RSV is inhibited is not well documented (Sidwell, 
1996). In early clinical stndies, significant positive effects in 
RSV-infected inijants were reported using ribavirin administered 
in a small-paiticle aerosol (Hall et al.. 1983a,b; Tabor et al., 
1983: Mcintosh ei al., 1984; Barry et al., 1986); however, 
water was usod as the placebo and has a bronchoconstricting 
effect by itself which may have affected the outcome of the 
studies. Subsequent trials, using saline as placebo, did not 
demonstrate the positive efPects initially observed (Brougliton 
and Greenough, 2(X)4). Later studies have suggi^'^ted that die 
aerosolized ribavirin may lessen posi-bronchloUtic wfaee^ng 
and rcacdve airway disease and reduce the viral load in the 
patient, but does not reduce the duration of hospitalization 
(Edell et al.. 1999, 2002; Rodriguez et al., 1999; Guerguerian 
et al., 1999). Side effects (possible deterioration of respiratory 
function, anemia, teratogenicity) may also discourage use of 
this drug. 

4.6.2. Other IMPDH inhiblior.^ 

The enzymt: IMPDH catalyzes the conversion of inosine 
monophosphate to xanihosine monophosphate, which is an 
essential step in the de novo biosynthesis of guanine nucleotides 
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leading to DNA and RNA synthesis. Inhfbiticm of IMPDH thus 
reduces the amouiiL orincracellvlar guanine nucleotides needed 
for RNA and DNA synthesis and consequcnUy can result In 
significant antiviral efTecU, alihough such effects may also be 
associated with inhibition of ccU rcplicaiion. A number of com- 
pounds in addition to cibavinn, which arc considered IMPDH 
inhibitors, have exhibited significant anti-RSV activity. These 
include mycophenolic acid, mycophenolalc mofetil, 

EICAR, pyrazomycin, viramidinc, and LY253963 (Fig. 4). 

VX-497 is a selective, highly potent, reversible, and uncom- 
petitive inhibitor of IMPDH*, it is structurally unrelated to olhcr 



IMPDH inhibitors. The contpound has a broad-spcctzum antivi- 
ral eflecl, inhibiting RSV with a 50% inhibitory concentraiiQn 
(IC50) of LI \lM and a 50% cytotoxic conccninilion (CC50) 
of 10.2 pAf (Markland ct al., 2000). This activity was approxi- 
mately 20-fold more potent than ribavirin, but the therapeutic 
index of VX-497 was less than thai of ribavirin. The com- 
pound, in combination wlifa interferon alpha, is currendy being 
developed by Vertex Pharmaceuticals (Cambridge, MA) for Che 
treatment of hepatitis C (McHutchison et aL, 2005). 

Mycophenolic acid ha5 a broad-spectrum antiviral effect sim- 
ilar to that of ribavirio (Andn et al., 196S; Cline ct al., 1969; 
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Planteros©. 1969). although RSV wsss not included among the 
viruses inidally studied. Roberts ci ai. (200 1) have described the 
compound to be more poicm dian ribavirin both as an antivinsl 
agent against RSV and as an inhibilor of IMPDH. In vitro studies 
we have done (unpublished data) indicate the TC50 of mycophe- 
nolic acid versus the A2 strain of RSV was 0.2-0.7 p,g/oal 
compared to ribavirin's ICso of p.g/ml, but Ihe compound 
was also more cytotoxic, Ihe CC50 being 10 yL^lTtA compared 
10 a value of 80-120 p.g/ml for ribavirin. Mycophenolic acid 
15 a recognized inimunosuppressanl (Mitsui and Suzuki, 1 969). 
Mycophenolate mofctil (CellCcpl), the prodrug of mycophe- 
nolic acid, is used as an immunasuppressive in the Iherapy of 
transplant rejection (Danovitch, 2005). A single report (Roberts 
et al., 2001) has indicated oral administration of the compound 
significandy inhibited RSV-induced pneumonia m mice, with 
efficacy still seen when trcaanent initialion was delayed to 5 
days after virus exposure. 

EICAR (5-ethyny I- l-beta-r>-ribofuranosyliroidazole-4- 
carboxamide) was initially reported by De Clercq ei al. (1991) 
to have significant in vitro activity versus RSV, the IC50 being 
0.2 p.g/m1. Cytotoxicity was nol seen at 400 ixg/ml. the highest 
concentration evaluated. Significant efficacy was also seen 
using Lp. treatment of RSV-infected coUon rats (Wyde et al., 
2000). 

Pyrazofurin is another IMPDH inhibitor with significant 
RSV inhibitory effects, the JCjn ranging (rom 0.02 to i p-g/ml, 
depending upon thi: vims strain (Kawanaeial., 1985, 1987).E£&- 
cacy was also seen versus RSV in die cotton rat model uuaied 
wiUi Ihis compound (^de et al., 1989)« 

Viramidinc (ribamidinc), the 3-caiboxamidine analog of rib- 
avirin being developed by ValeantPhannaceudcals (CostaMesa, 
CA). has an anti-RSV IC50 of 16 pi.g/ml, which is slighdy higher 
than that of ribavkin, but is also less cytotoxic, with a CC50 of 
>1000 p.g/ml (Gabrieisen et al., 1992). No animal srudies with 
RSV have been reponed; however, .studies we have run (Sldweli 
et al., 2005) with viramidine in comparison to ribavirin versus 
influenza virus infections in mice suggest that both compounds 
have a similar Lherapeudc index, although viramidine is not taken 
up by red blood cells in the efficient manner that is seen wiih 
ribavirin and hence appears to have an enhanced safety proiile 
(Un et flL, 2003). 

LY253963, die sodium salt of l,3,4-thiadiazo1©-2- 
yicyanamide and the prodrug of an IMPDH inhibitor was 
reported by Wyde et al, (1990b) to have in vitro efficacy against 
RSV that was approximately equivalent to that of ribavirin; 
intraperitoneal treatment of RSV-infected cotton rats was also 
protective^ but oral therapy was not eHbclive in the same study. 
The compound, also known to be a significant inhibitor of 
influenza virus (Hayden et al., 1990), failed in u clinical trial 
against influenza (Hayden et al., 1994) and has been reported to 
have developmental toxicity effects (Herman and Chay, 1998). 
Tn these latter studies, it was designated as LY2J7896. 

The pyrazole dicarboxamide analog of ribavirin, designated 
as GR9?2938X, has been reported to be an inhibitor of RSV 
in vitro without inhibiting other viruses such as influenza and 
parainfluenza; it may be pertinent to note that diis compound 
did nol appear to inhibit IMPDH (Woods et al., J 994). 
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5* Tt^ting RSV bronchiolitis 

Fmally, anumbcr of compounds have been or are now in clin- 
ical trials to Ireat broucbioHiis, the inflammatory disease cause 
by RSV infection, as weU as the reactive airway disease devel- 
oping after ihe brouchiolilis (Bisgaard, 2003). Clinical trials 
with and-inflammatorics have often failed to demonstrate agnif- 
icant effeets. Systemically administered prednisolone QBulow ei 
al., 1999) and topically applied fluticasone (Wong cl al., 2000), 
budesonidc (Cade et al., 2000), and deoxyribonuclease I (Nasr 
et al, 2001) were not found useful. Dexamethazone given by 
intravenous injeciion (Buckingham el aL, 2002) also had iitde 
effect, although when administered by inhalation was concluded 
to possibly Induce length of hospitalization (Bentur et al., 2005). 
Porcine suif actant administered intratracheally to RSV-infectcd 
infants wa'? considered 10 have some beneficial effect as seen by 
improved gas exchange and lessened conventional mechanical 
ventilation (Lucheiti et aL. 2002). Most of these therapies laigei 
die hyper-inflammaiory response and not the agent inducing this 
response, A fully effective treatment might need to be a combina- 
tion of anli-inflammatory agents to alleviate the life-threatening 
symptoms and a potent antiviral agent to eliminate the source of 
the inflammatory response. It is notable that a combinadon of 
palivizumab and a glucocorticosteroid had a signiflcant effeet in 
lessening pulmonary histopadiology and also markedly reduced 
lung virus titers over 3 logio in RSV-infected cotton rata (Prince 
et al . , 2000). Such a combination would be especially valuable in 
patients who are nol immunocompetent or are immunologically 
immature. 



6. Condvsions 

At present, themosiclfecdve means for control of RSV infec- 
tions is the use of anli-RSV andbodles (RSV-IGIV, palivizumab, 
MEDI-524) administered prophylactic ally to at-risk patients. 
The RSV-IGIV has essentially been replaced now by the odier, 
more recent and improved andbodies. Ribaviiin, approved for 
clinical RSV use, has lost favor as a therapy for RSV infections. 
Selecied compounds which have shown great promise in vitro 
and in animal models and arc now in some phase of clinical 
study, include the fusion inhibitors RFI-641 and MBX 300, one 
or more antiscnse siRKA's, and the N-protein inhibitor A-60444. 
And-inflammatorieK including dexamethazone and porcine sur- 
faciant have exhibited some promise in clinical trials to reduce 
sympiomology associated with RSV disease; use of tfiesc mate- 
rials in combination with a drug which has specific anti-RSV 
activity may be an efPecdve approach for better control of this 
disease. 
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SUMMARY 

The rcspiiatoiy syncytial virus (RSV) is a global healti\ problem affectii^g infants and the elderly and daiming more 
lives than AIDS in many parts of the world. Only two anHbody drugs are approved for itspreveniion, and ribacvaiin, a 
relatively nonspecific anliviral, ia used for treatment In the niid-1990s, a number of pharmaceutical andbiotech 
companies initiated research prograTnS against RSV. Together, the academic and Ihc industrial F&D covered the 
wliole spectrum 0^ anlibodies, vaccines, synthetic &mall molecule antiviral and aiilisense technology, and at one point, 
accoimted for at least 25 active R&D programs. However, coincident to the marketing of the monoclonal antibody 
palivizumab (Synagis'®) in 1998, a sharp decline in such projects ensued. Many companies recently cancelled RSV 
projects during a prioiitisation of their R&D portfolios although the continuing medical need, large market size and 
sates projections clearly indicate tliat a safe and effective RSV drug or vaccine is likely to attain blockbuster status. 
Today RSV receives an insignificant fraction of the R&D budget compared with AIDS, K^r example. This artcle 
reviews Ihe present status of the anti-RSV regimen, covers drugs m the market and in development, and attempts to 
link basic research to industrial drug development, animal models of RSV, clinical trials, current clinical mana gement, 
and present and future market projections. It is hoped that the unmet medical need of the victims of RSV will 
encourage continued involvement of the phai-maceutical and biotechnology industry in developing safe and effective 
prevention and treatments for RSV. Copyright © 2004 John Wiley & Sons, Lid. 

Accepted: 30 December 2003 



INTRODUCTION 

Hvinan re^piratoiy syncytial virus is the most 
common worldwide cause of lower respiratoxy 
tract Infections (LSI) in infants less than 6 months 
of age and premature babies l^s than ox equal 
to 36 weeks of gestation [1-41. The RSV disease 



^Corresponding author; Dr S. Bajrik, Department of Biodiewislnj and 
Moiecidar Biology, Urtiifirsiiy of SouUi Alabema, Col/i^ti of Medi- 
due, MSBZ370, 307 Unioersity Boulevard, Mobile, AL 36638' 
0002, USA. E-mait 9harikflbfaguai^.tii0uthatxdu 

Abbreviations used 

AIDS, acquired immunodeficiertcy syndrome; AS^DN, atiiiseitse 
oii^odeoxynudrntide; CDC, Centers for Disease Control and Preven- 
tion; cp, cold-passaged; FDA, Tood and Drug Admimstration; IND, 
ijto^ttgalional n£iD drug: LRi, lower nsjptnitoxy imct infection; 
NDA, new diu^ appHcOtiOrt: NIAID (NIH), National Institute of 
Allergy 011(1 Infeciious Disease^- (National InsUlulfS of Health); 
NSAID. nonsteroidal nnti-inflnmrnatary dmg: PFP, purified fusion 
protein; R6rD, research and de!?elofnnsnt; RSV, respiratory 
syncytlflt virus; RSV-JCIV, RSV imttiune globtdin intravejams; ts^ 
temperattire^isiUve: WHO, VibrU HeaWt Orgfutisatian 



spectrum includes a wide array of respiratory 
symptoms from rhinitis and otitis media to pneu- 
monia and bronchiolitis, the latter two diseases 
being associated with considerable morbidity and 
mortality. Infants* who are premature or have chro- 
nic lung disease or congenital heart disease arc at 
particular risk for severe RSV disease. Although 
traditionally regarded as a pediatric pathogen, 
RSV can also cause life-threatening pulmonary 
disease in bone marrow transplant recipients and 
tl\e elderly. It infects up to 65% of babies in the first 
year of life, essentially 100% within the first 2 
yearSy and remains the main cause of bronchiolitis. 
Tn a recent World Health Organization (WHO) 
report [4L the global aimual infection figure for 
RSV is estimated to be 64 million. In the USA it 
is estimated that RSV directly causes 18000- 
75000 hospitalisations and up to 1900 deaths 
annually/ and contributes to another 17000 deaths 
[1-41. If the recent CDC data [31 are extrapolated 
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globally, then the number of elderly victims of 
RSV, which may be four hmes liigher than infants, 
would total 2.4 to 4 millioD per year. Overall, RSV 
i$ a major killer worldwide, claiming 3-5 million 
human lives annually. Mot surprisingly, WHO 
has designated RSV as a major target of research 
and therapy throughout the globe [4]. 

A number of features of RSV have contributed 
to the difficulties of prevention and treatment. 
First of all/ RSV has an RNA genome, and all 
RNA genomes acctunulate mutations at a High 
rate due to the lack of replicational proof-readiixg 
mechanisms, which presents a significant chal- 
lenge in designing a reliable vaccine or antiviral 
[6-81. Second, the 15 kb viral genome codes for at 
least 11 proteins, 9ome of which are unique and of 
unknown physiological role [91. Third, RSV is 
rather difficult to grow in cell cultures and is prone 
to loshxg lbs infectivity. Fourth, it interacts with 
cells and specific cellular proteins, adding to the 
difficulty of obtaining a cell-free viral material 
110-13]. Fifth, RSV-host interactions promise to 
involve a large and complex network of signaling 
pathways that must play important roles in the 
manifestation of the RSV disease, but are only 
beginning to be imraveled [14r-23]. Finally, the 
immunopathology of RSV is equally complex 
[4,23-26], and includes the relatively unique 
phenomenon of vaccine-enhanced disease or 
'immunopotentiation' [27-30]. In short, RSV exem- 
plifies many intrigtung challenges of an antiviral 
reg^en. 

In December 2002, the FDA approved Integrated 
Biotechnology Corporation's application to market 
the QuickLab'^ RSV kit for rapid qualitative 
detection of the presence of RSV in nasophaTyiv- 
geal aspirates (wwTv.integratedbiotech.com). The 
test was approved for children aged 6 years and 
younger, and adults aged 60 and over. Three other 
rapid commercial tests were found to have low 
predictive vahie vnth a I0%-23% success rate 
[31]- Clearly, a low-cost, sensitive, specific and 
rapid test is an obJigatoiy first step towards map- 
ping out tl\e RSV disease pattern and epidemiol- 
ogy, particularly in the developing world. 

VTRAL GENOME AND RELEVANT GENES 
RSV is a member of the genus Pneutitovirus in 
the family Parami/xoviridtte. The single-stremded 
negative-sense RNA genome is ti^tly wrap- 
ped with the viral protein N to fbrm the 



nudeocapsid [9j31]. The genome encodes three 
transmembrane surface proteins (F, G/ Si'^r one 
matrix protein CM), die nudeocapsid protein (N), 
nudeocapsid-associated proteins (M2-1, P, L), a 
M2-2 protein (the second product of the M2 
gene) and two nonstructural proteins (NSl, NS2). 
The viral envelope is composed of a plasma mem- 
brane-deiived lipid bilayer that contains virally 
encoded transmembrane proteins. The minimal 
viral RNA-<iependGnt RNA polymerase comprises 
fhe large protein L and the phosphoprotein P, but 
requires viral M2-1 (22K) protein as well as cellu- 
lar actin and profilin for optimal activity [9,11-13]. 
The surface fusion (F) and attachment (G) glyco- 
proteins are the major, if not the only, viral compo- 
nents that induce RSV neutralising antibody, and 
thus, constitute important targets of vaccine devel- 
opment [33-36]. Both proteins are heavily glycosy- 
lated with an interesting difference: while the IF 
protein is primarily N-glycosylated on asparagine 
residues, G is O-glycosylated on serines and threo- 
nines [33-35]. The glycosylations in C are located 
in the proximal and distal domains that l\ave a 
mudnoid structure, whereas the central domain 
contains a highly conserved cysteinc-rich region. 
Studies with knockout RSV mutants have dearly 
shown viral penetration and fusion with the target 
cell without the involvement of G and SH proteins, 
and studies with RSV F expressed in other envel- 
oped virus vectors have also documented fusion 
and entry with F alone [33]. 

Cross-neutralisation studies have shown that 
RSV isolates can be classified into two subgroups, 
designated A and B [7,8], that exhibit antigenic 
and genetic differences and can be further segre- 
gated into virus lineages or dades. Although die 
sequences of all 11 viral proteins differ to one 
extent or anotl\er between A and B strains, the G 
glycoprotein shows the greatest divergence, with 
only 53% amino add identity between prototype 
A and B viruses [34,35]. Group A and B can co- 
circulate during epidemics, althougli one may pre- 
dominate. Both A and B groups have been further 
classified into subgroups, and several investiga- 
tors have reviewed the regional and global epide- 
miology of tl\ese strains [7,8,23^71. The impact of 
antigenic diversity on RSV epidemiology is not 
completely understood, but may in part explain 
the susceptibility to reinfection throughout life 
and the yearly variation in the severity of epide- 
mics within communities [7^,371. 
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THE RSV DISEASE 

RSV epidemics occut annually during winter and 
early spiing in temperate cJimates and during the 
rainy season in some tropical climates [1^]. 
Huxnans are the Only known reservoir for RSV, 
although specific RSV straii^s also exist for nonhu- 
III an aiumaU such a$ cattle^ sheep and goats. As 
mentioned before, premature infants, immunocom- 
promised adults or children with bronchopulmon- 
aiy dysplasia are at increased risk for acquiring 
severe RSV disease (pneumonia and bronchiolitisX 
often requiring hospitalisation. Spread of this 
higlily contagious aotus via contaminated nasal 
secretions requires close contact with an infecbed 
individual or contaminated environmental surface. 
By 2 years of age, almost aU d\ildren get hifected 
with RSV at least once and about half of them, twice 
[1^,38-411. Overall, roughly 25%-40% of RSV^ 
infected young adults and healthy older children 
develop lower respiratozy tract infections (LRI) 
with many developing bronchioHtis or pneumonia 
[38-42]. Reinfection can occur throughout life and 
is usually symptomatic. 

IMMUNOLOGY OF RSV DISEASE 

Virus-specific immune responses are largely 
responsible for protection against RSV-assodated 
LRI and recovery from RSV infection. Immunity 
to RSV is mediated via humoral and cellxilar effec- 
tors, including serum antibody (acquired as a 
result of infection or maternally derived in young 
infants), secretory antibody and major histocom- 
patibility complex class I- and class D-restricted 
cytotoxic T lymphocytes [1,2,5,25,26,38-42]. Epide- 
miological studies and viral challenge in healthy 
young adtiLts have confirmed that the local anti- 
body response to RSV is short-lived, and reinfec- 
tion uccurs throughout life. Moreover, RSV- 
assodated LRI can occur in young children experi- 
encing their second episode of RSV- The lack of 
protection may be explained in part by group spe- 
dficity, since children with primary ffev infection 
develop a neutralising antibody response in semm 
more frequently and of greater magnitude to the 
infecting strain than to a heterologous R5V strain. 
In general, humoral immune responses involving 
secretory antibodies and serum antibodies appear 
to protect against infection of the upper and lower 
respiratory tract, respectively, while cell-mediated 
responses directed against internal proteins 
appear to terminate infection [38-42]. 



The role of local inunimity in the protection of 
tl\e upper respiratory tract against RSV is sug- 
gested by the observation that passive transfer of 
neutralising antibodies offer) protection but does 
not signiticantiy affect viral replication in the 
upper respiratory tract [5/25^38-42]. Cotton rats 
tliat were given hve RSV via the respiratory tract 
were resistant to re-challenge for 6 to 12 months, 
suggesting that local immune responses inhibited 
reinfection. In adult volunteers^ the presence of 
secretory neutralising antibody, but not serum 
antibody, correlated with protection of the upper 
respiratory tract. In infants, the development of 
RSV-specihc immunoglobulin A (IgA) in nasal 
secretions correlated temporally with disease 
clearance. 

RSV replicates primarily in the respiratory epi- 
thelium. This may explain why serum-neutrsdising 
antibody does not prevent infection, as it does for 
pathogens that produce viremia, such as measles, 
and varicella-zoster viruses. However, high titers 
of serum neutralising antibody against RSV do 
prevent LRI by RSV, as has been demonstrated 
in animal studies eind epidemiological observa-* 
tions, although a spectrum of resitlts has been 
observed in clinical trials of RSV hyperimmune 
globulin (RSV-IGIV), RespiGam*», in high-risk 
infants [43-50]. High titers of maternally derived 
I^V antibody, as measured by IgG enzyme-linked 
immunosorbent assay (ELISA) or neutralisation 
assay in maternal blood or cord blood, have been 
shown to correlate inversely with the incidence of 
RSV ir\fection and the severity of RSV pneumonia 
in the first 6 montl^s of life. In young cliildien, the 
rate of reinfection with RSV and the rate of LRI at 
the time of reinfection also correlate inversely with 
the level of serum neutralising antibody against 
RSV achieved after tlie primary infection. Finally, 
a randomised, prospective study of administration 
of RSV-IGIV bo high-risk infants showed signifi- 
cant reductions in the rate and severity of LRL 
the need for hospitalisation and days spent in 
intensive care [43,44,47], although the effect on 
the duration of hospital stay was either small 
[47] or insignificant [44]. The use of RSV-IGIV after 
the onset of RSV infection did not offer any clinical 
benefit [471. Interestingly, the titer of RSV neutra- 
lising antibody achieved in infants who received 
this dose of RSV-IGIV was comparable to that 
demonstrated to protect the lungs of cotton rats 
against RSV infection. The protective eHect of 
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RSV-ICIV in these young infants was confinned by 
subsequent placebo-controUed trials. Although the 
prophylactic efficacy of RSV-ICIV has been estab- 
lished, it does not appear to ameliorate RSV dis^ 
ease when given therapeutically. 

Young infants develop levels of neutralising 
antibody and F and G glycoprotein ai\tibodjes 
tliat arc only 15 to 25% of those observed in older 
children [40,41]. Such studies also demonstrate 
that the serum IgA response to the F glycoprotein 
is affected primarily by age, while the response to 
the G glycoprotein is affected primarily by the pre- 
existing RSV IgG titer. The suboptimal response of 
young infants to primary RSV ii\fection has impor- 
tant implications for vaccine development, since it 
suggests that more than one dose of vaccine will 
probably be needed to induce adequate levels of 
RSV neutralising antibody in this population. 
Finally, as indicated earlier, cell-mediated immu- 
nity appears to be important in Ihe temdnation 
of RSV infection [41,42]. Studies with mice suggest 
that antibodies are not essential to the clearance of 
the virus. Children with defects in cell-mediated 
immunity and athymic or gamniui-irradiated mice 
can shed virus indefinitely. Lasdy, lung epithelial 
cells mount a strong inflammatory response to 
RSV infection by elaborating a wide variety of 



H, maggpft and 5, Bank 

cytoldnes and chemokmes that further amplify 
the inflammation process. 

BVIMUNOGLOBUUNS AND MONOCLONALS 
FOR IMMUNOPROFHYLAXIS OF RSV 

Table 1 lists the anti-RSV inununoglobulin and 
monodonal antibodies tJiat are either in the 
market or under active development. Currently, 
RespiGam® (respiratory sjmcytial virus immune 
globulin intravenous, himnan; RSV-IGIVl and 
Synagis'^ (palivizumab) are the only two antibo- 
dies prescribed in RSV disease (Table 1) [43^, 
48-581, RSV-IGJV is an intravenous (IV) polyclonal 
immune globulin enriched in neutralising antibo- 
dies against RSV [51]. Developed by Medlmmune 
and marketed by Wyeth and Baxter for ttie preven- 
tion of seriotis RSV in liigh-risk infants, it was 
shown to reduce hospitalisation by 41%, hospital 
stay by 53%, and total RSV-related intensive 
care unit days by 44% |511, RSV-IGIV is given by 
a 2-4 h IV infusion, and a course of treatment costs 
about $5000 per infusion [51,55,59,60]. In the 1997- 
1998 RSV seasons, market sales were $70 million 
[59]; however, sales have declined to negligible 
levels a$ it has been replaced by palivizumab. 

Palivizumab is a humanised anti-F monoclonal 
antibody (IgGlK) composed of human (95%) 



Table 1. Anti-RSV antibodies in nxarket and under development 



Product 


Qiaracteristicd 


Company 


Sales 2003/5tahis 


Ref^Patent 


RespiCam 


Immunoglobului 


Medlmmune^ 


NegKgible 


[50,51,551 


(RSV-IGTV) 




Medlmmune^ 






Synagis 


hAnti F- 


$849 M 


[45,46,48^54,56--59] 


(Palivizumab) 


glycoprotein 








Felvi^umab* 


liAntiF- 


GSK^Scotgen 


Phase m 


[45,61-64] WO 0069462 


RSHZ19 


glycoprotein 


CSL/Oravax^ 


completed 




HNK20*MoAb 


Ixnmunoglobulin 


Phase m 


[126] US 5534411 




Acambis"* 


completed 




Numax 


Monoclonal antibody 


Medlmmune 


Phase I 


US 201404 US 5824307 


R19 


Monoclonal anbljody 


Epicyte^ 


Preclinical 


[45) WO 0183806 



The Company /Agency world-wide web sites are: hnedimmunexom (abo; synagis^m, rsuetiucation,cam)i ^gskxvm; 
^cstxmM; ^(tcambisxojdc; ^efricj/iexom. In all Tables, the patents are listed by their numbexs in the USA, Europe 
(EP) or World Intellectual Proper^ Organization (WIPO) administered Patent Cooperative Treaty PCT (WO). All 
tables include compounds that were in development by the industry at the end of 3Q 2003 and Usted as acdve in 
Phanna Projects or Prous Science- Compounds discovered in the Universities/ Research Institutes or at NIAID/ 
NTH ((>KC^ for the NIH vaccina) were only included if licensed to the industry. In all Tables, asterisks {*) indicate 
compounds that arc no longer found mider ttie acdve R&D prefects at the company web sites and thus, were con- 
sidered disconUnued in 2003, 
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and muTine (5%) antibody sequences. Designed 
by Dainippon and licensed ro MedTmmune 
(Gaiftiersburg, MD), paJiviisumab received US 
approval in 1998 for the prevention of serious LRI 
by RSV [52]. Ft is the current market leader in KSV 
therapy; aicuiual sales were $670 million in the year 
2002 and $849 million m 2003 [511- Palivizumab 
has become the standard for prevention of R5V in 
high-risk infants such as premature ones and those 
with chronic lung and cong^tal heart diseases. 
This recombinant antibody is manufactured in cell 
culture to high purity and yield, and neutralises a 
broad range of RSV strains in animal models. In a 
phase in clinical study in 1502 high-risk infants, it 
reduced the incidence of hospitalisations by 55% 
[48]. Another double^blind randomised placebo- 
controUed study in 1287 children with congenital 
heart disease over 4 years G.e. four RSV seasons) 
showed a 45% reduction in hospitalisations in the 
treated group [56]. Palivjzvmab can be administered 
by a short-term IV or IM infusion, and a liquid for- 
mulation for easier use may be available in 2004 if 
approved by the FDA. Palivizumab is 50-100 times 
more potent than RSV-lGfV (RespiGam) and is now 
approved m over 50 countries. Several clinical stu- 
dies of palivizumab deserve mention; five studies 
in adult volunteers (n=38X four prophylaxis stu- 
dies in pediatric subjects (n = 1281X and five treat-* 
ment studies in both adult and pediatric patients 
(n = 75) [45/16^54^6-59]. Overall, the five studies 
in adult volunteers showed that the half-life of elim- 
ination of palivizumab was approximately 17-20 
days when administered either IV or IM, and that 
it was safe il\roitgih at least three monthly injections 
(with the uppermost test dose of 15 mg/kg). Because 
RSV-fGlV 15 a polyimmunoglobulin, some of its 
benefit could be attributed to norirRSV immuno- 
globulin. Understandably, such 'carrier' immuno- 
globulin effects were not observed in palivizumab 
trials. Post-marketing safety surveillance of palivi- 
zumab in more than 250 000 high risk infants over 
a 4-year period (1998-2002) confirmed its safety 
and clinical effectiveness [571. 

Medlmmune has recently submitted an Investi- 
gational New Drug dND) application to FDA for 
Numax^**, an affinity-matured monoclonal anti- 
body created by Applied Molecular Evolution, a 
San Diego-bascd start up company. It is claimed 
to be 20 times more active than palivizumab in 
reducing RSV viral loads in cell cultures and in 
lung$ of cotton rats [51]. 



A few yiears ago, Scotgen RSHZ19 (Fulvizumab) 
was at tl^e same stage of development as Respi- 
Gam (RSV-TGIV) and was in fact ahead of palivi- 
zumab [45,61-64]. However, its development was 
probably delayed initially due to licensing deals 
with SmithKline Beecham (SKB) and later due to 
the merger between SKB and Glaxo Wellcome to 
create Glaxo Smith Kline (GSK). Phase III trials 
have since been completed tnit the results are not 
available. The immunoglobulin HNK20 pro- 
gressed to phase 10 trials; however, there is no 
mention of it in the current company web site 
(Acambis). Its development was probably dela- 
yed by the Hcensing deal from the originator 
Australian start up company CSL to Oravax, an 
American biotechnology start up, followed by 
takeover of Oravax by the UK-based Acambis- 
Another immimoglobulin preparation (named 
Sandoglobulin^), extracted from human plasma 
by ZLB Central Laboratory (Switzerland) and dis- 
tributed by Novartis as intravenous and aerosol 
formulations, failed to show any efficacy (47,65). 
A review of US patents revealed that although 
TDEC Phaimaceuticals Corporation (San Diego, 
CA) had filed and obtained several patents for a 
monodonal RSV antibody from 1995 to 2002 
(USP 6413771X the RSV program (AV 2921) is 
no longer listed as active on the company web site. 

In conclusion, the current experience with RSV- 
IGIV and paHvizumab suggests ll^t appropriately 
formulated and administered immimoprophylac- 
tic therapy of severe RSV disease can be safe and 
effective. 

VACCINES 

Although the importance of RSV as a respiratory 
pathogen has been recognised for over 40 years 
and several x^ccines have been tested since, a reli- 
able one is yet to come by, in part due to several 
inherent problems described earlier. The search 
for a vaccine has indeed been the most active 
area of RSV research, espedajly since early 
studies showed adverse reactions following RSV 
vaccination, leading to the recognition of an ill- 
understood phenomenon called 'immunopotentia- 
tion' or 'vaccine^nhanced disease' [24-^30]. In 
brief, an experimental formalin-inactivated RSV 
vaccine (Pfizer Lot 100) tested in children in the 
mid 19603 was immunogenic but failed to protect 
against RSV infection. Indeed, the inrununised chil- 
dren, whose age was consistent with the vaccine 
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Table 2. RSV vaccines tinder development 



Pioduct 


Characteristics 


Target 


Company/ 










population Agency 


pliasif 




LA 


Cpt3 248/404 


Infants 


Wyeth^ NIAID^ 


n 


[70,711 


LA 


A2cpts 248/404rSH 


Infiants 


WyethNlAlD 


n 


172-741 


LA 


RB/HPTV3-RSV-A/B 




Medlmmune 


p 


[90] US 6565849 


LA 


RA2,M2-2 


Infants 


NIAID 


p 


[661 


LA 


2B33F 


Infants 


IMIAID 


p 


[661 


SV 


PFPl 


Elderly 


Wyeth 


I 


[66-69] 


sv 


PFP2 


Elderly 


Wyeth 


n 


[77,79] 


SV 


PFP3 


Elderly 


Wyeth 


n 


[78] 


sv 


BBG2Na 


Elderly 


Pierre Fabre 


m 


[81 82] 






Medicament^ 




EP 1353690 WO 03010317 


sv 


PG487808* 


Elderly 


CSK 


I 


[341; WO 022S426 


sv 


F+C 


Elderly 


Aventis"* 


n 


[83]; WO 0035481 



LA, live attenw9ted; SV, subunit vaccine; P, preclinical. The Compciny /Agency world-wide web sites arc: ^wt/clhj:om; 
^niaid.^v; ^ctpf.com) '^aventis.com} other addresses and patent codes are provided in Table 1. Vacdnes such as vaccinia 
adenovirus iAdO, human rhino virus (DDJFV3) and cpts B176 are not listed due to lack of adequate information. 



being the firsi exposure to RSV antigens, experi- 
enced a more severe disease in subsequent RSV 
infection compared with those that received place- 
bo. Immunopotentiation was observed with dena- 
tured protein or killed virus, the major factors 
being altered T cell sensitisation [24-30) and signif- 
icant contributions from immune complexes [27- 
30]. Subsequent studies showed that the antibody 
response to the F protein was lower in the immu- 
nised patients than in the control^ and the antilx>- 
dies were in fact non-neutralising. To sum up, the 
currently accepted hypothesis for immunopoten- 
tiation is that denatured RSV epitopes, in contrast 
to natural RSV infection, generate nonprotective 
antibodies and an undesirable T-helper response. 
Another major issue regarding RSV vaccines is 
the immunologic immaturity of the newborn 
babies and infants and the declining immune sys- 
tem of the elderly. Moreover, an RSV vaccine must 
pnrotect against the antigenically divergent groups, 
A and B. As serious RSV disease can occur in Idgih- 
risk individuals with a previous history of RSV 
infection as well as m RSV-naive infants, it is 
also likely that more than one type of RSV vaccine 
will be needed to immunise all who would l)enefit 
hrom vacdnation. 

Monetheless, the success of immunoprophylaxis 
points to the prospects of a preventive vacdne. A 
number of vaccines in fact progressed to animal 



models and toxicology studies and some to phase 
I and Tl clinical trials, but all eventually drcled 
back to die discovery and formulation stages for 
optimisation of the adjuvant or boosting of the 
immunogenidty, thereby starting the develop- 
ment clock once again under current regulations 
[36,66-70J. In the past 20 years of RSV vacdnology, 
two main types of vaccines were formulated: Uve 
attenuated virus, primarily for young infants [70] 
and subunit vaccines for die elderly and the older 
RSV-seropositive children with chronic cardiac or 
pulmonary disease [69]. Progress in these areas is 
summarised l>elow and in Table 2. 

live attenuated vaccines 
Several strategies for the development of a live 
attenuated (weakened) RSV vaccine were explored, 
induding the creation of host range mutants, cold- 
passaged (cp) mutants^ and temperature-sensitive 
(fcs) mutants [71-76], Ii\ briet these vaccine candi- 
dates were either under-attenuated (cpRSV and 
RSVts-1) or over-attenuated ORSVls-2). The wea- 
kened strains are expected to be avirulent and 
not cause a productive infection or illness, 
although the possibility of illness in immunocom- 
promised persons has not been ruled out Wyeth 
tested q7ts 248/404 in RSV seronegative and sero- 
positive children in a double-blind, randomised 
and placebo-controlled study. The vaccine was 



Copyrigbt © 2004 John Wiley & Sons, Ltd, 



R£D. Med. Virol. 2004; 14: 149-168. 



PAGE 37m'RCVDATm(l64:53:18PM [Eastern Qayfip 



09/28/06 16:11 FAX 514 286 5474 OGILVY RENAULT ©038 



Ram drugs for B5II 



155 



Inununogenic find attenuated when given intrara- 
sally and caused mild to moderate upper respira- 
tory congestion when administered to 1-2 month 
old RSV naive inJfente. It was considered reason- 
ably safe but not safe enough to permit further 
development [73-75]. Recent constructs of rA2 cp 
248/404 SH and rA2 cp 248/404-11030 SH, when 
tested in 4-12 week old mfants^ did not show any 
nasal congestion and was inuniinogenic The r13/ 
riPIVS-RSV A and B ai€ considered promising vac- 
dncs in animal model studies but must overcome 
regulatory safety concerns about introducing a chi- 
meric recombinant virus to newborns. Transmis- 
sion of the ts-1 mutant from vaccinated children 
to placebo recipients was in fact found to occur. 
Furtt'ter iiiformaiion can be found in the NIAID Jor- 
dan report 166] and a review by Simoes r671 that 
covered 22 phase I— 11 studies with various vaccines 
up to mid-2001. Some recent publications of Piedra, 
Wyeth and Fierre Fabre Medicament [36,69-71] 
provide an up^o-date sununary of current vac- 
cines under dinical testing. 

Subunit vaccines 

Although vector delivery systems, synthetic pep- 
tide, DNA and immune-stimulating complex vac* 
cines were evaluated in animal models, aubunit 
vacdnes such as those based on purified P protein 
(PFP) have shown the greatest promisse. PFPs were 
evaluated in phase I-U dinical trials with demon- 
strated safety and immtmogenicity (77-791; PFP2^ 
in particular, appeared to be safe for the elderly 
and for RSV-seropositive children with underlying 
pulmonary disease. A phase I study in 35 healthy 
third trimester pregnant women showed safe and 
efficient transplacental transfer of RSV neutralis- 
ing antibodies to infants (791. However, it was 
only modesdy immimogenic compared with 
RSV. A phase TL double-blind controlled study of 
the PFP3 subunit vacdne in cystic 6brosis dtuldren 
showed the vaccine to be safe and immimogenic; 
however, it failed to reduce the incidence of LRI 
in this study [78]. The French company, Pierre 
Fabre Medicament, formulated BBG2Na, a subiuiit 
G vacdne and demonstrated its safety, tolerance 
and immunogenidty in yoimg adults [80-^1. 
The immunogenidty and safety of the BBG2Na 
in a targeted elderly population under phase TI 
trial was considered suffident to warrant further 
development [69,81,82]. Phase HI studies were 
initiated in 2000 and have been completed since. 



but the results are not publicly available. The 
Aventis vaccine consists of F, G and M subunits 
and has completed two phase T studies in healthy 
adults where it was found to be safe and immuno- 
genic [83], An FG chimeric vacdne is in early 
development [84]. 

In summary, the l^My complex immuno- 
pathology of the RSV disease has so far foiled 
attempts to develop a safe and effective vacdne. 
The reinfection observed despite the presence of 
viral antibodies has not been overcome. Current 
regulations In the USA and Europe make it very 
difificult to test subunit vacdnes in newborn 
babies. The very high safety and efficacy bar 
placed on the vaccines for premature babies 
pushe.*^ development costs and timelines. 

ANTIVIRAL COMPOUNDS 
Antivirals are either serendipitous natural com- 
pounds or rationally designed drugs that are 
based on our knowledge of the molecular biology 
of the virus and/or host-virus interactions. 
Although a need for nonimmunologicai alterna- 
tives against RSV is appreciated, the antiviral 
area has received relatively little support, and 
most of the compounds have never crossed the 
preclinical hurdles 185-106]. Several early-stage 
antivirals for RSV axe listed in Table 3. 

Ribavirin (Virazole^),. the most Inexpensive 
RSV drug, is a broad-spectrum antiviral agent 
[85-901- It Ij^hibits viral multiplication by several 
mechardsms, i.e. inhibition of viral polymerase, 
inhibition of 5' cap formation of mRNA^ and 
Inhibition of IMP dehydrogenase leading to a 
decrease of intracellular OTP levels. The only anti- 
viral RSV to win FDA approval, ribavirin is mar- 
keted by Valeant Pharmaceuticals Cformerly ICN). 
However, its clinical benefits are small and 
occur only in a fraction of RSV-infected patients; 
thus, its use is now limited mainly to imm\mc- 
compromised patients or to early treatment of 
severe RSV. Ribavirin spray (aerosol) reduces the 
severity of the disease and the amount of virus 
load, witliout reducing the duration of hospitali- 
sation [8S-901. 

Several antiviral compounds were screened but 
foimd to be ineffective against RSV. A few poly- 
saccharides blocked entry of the virus into host 
cells; however, they were not acdve against cells 
already infected with the vimsy as e>rpected. The 
beta-agcmist adrenergic agents such as albuterol 
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Table 3, RS V antivirals 



Fioduct 


Nature 


Company 


Sales/ 
Status 


Ref^atent 


Ribavarin/Virazole 


Antiviral 


Valeant^ 


$50 M 




Provir/Virend 


Plant Flavonoid 


Invemi 


Phase in 


1103,104] 


Crofelemer* 




Delia Beffa^ 






RFt 64r 


Triazine 


Wyeth 


Phase n 


[96-981 US 5852015 


VP 14637* 




ViroPharma^ 


Phase I 


[1051; US 64^89 


A 60444 


Antiviral 


Arrow'' 


Phase I 




MBX 3000 


Antiviral 


Mioobiotix^ 


D 


11121; US 2002077472 


RSV therapy 
Antiviral* 


Antiviral 


Biota* 


D 


[106]; WO 03040178 


Triphenol 


Gilead^ 


D 


WO0004900 






Bri s tol-My ers 
Squibb*^ 


D 








US 2002016309 


Ai\tisensc 


ISA 


Topigen'^ 


D 


WO 03014153 


RSV Therapy 




Apath^° 


D 




Fusion protein* 


Ben^a throne 


Trlmeris** 


D 


[1071; WO 0292575 


CL 309623* 


Triazine 


Wyeth 


D 


EP 0795549, US 5852015 


MP 351* 


2-5A antisense 


Manhattan 
Pharma" 


P 


[115,116] 


RD 30028* 


BcnTOditin 


Kuraray^^ 
Drug 

Design Lab 


P 


[101^1021; US 5698580 


R 170591 


Benzimidazole 




P 


11084091; EP 1196408 WO 0100611 


J&J 2408068 











The Company/Agency world-wide web sites are: valmnt.com (also sec virazDle.com, rsvinfoxom); ^^filAt', ^uirvpharma' 
com; ^ammn.co.uk ^micrcbiotix,conv, ^hiotii.comjiu} ^ giUad.com; ^bmsxom: ^lopi^en.com^, '^^apath.com; ^^trimeris.cam} '^^mn- 
haitmtphanm,cct)i; ^^kutaray. co.jp; '^^janssenphannaceiftica.be; "^^jnjxom; others are provided in Tables 1 and Z D«lead 
Discovery or lead optimisation slage; P-=-Precliiucal compound in animal models. Many of tliese compounds have 
be«tk s\il3^equei)dy discontinued. 



have shown oiUy nuniitial or no improvements of 
respiratory symptoms in dinical studies. Anticho- 
linergic drugs (such as ipratoplum) and corticos- 
teroids (budesonide) failed to show any dinical 
benefit in the treatment of RSV lironchiolitis [91- 
93]* Chinese herbal extracts such as anagyrine, 
oxymatrine^ sophoranol, wogonin^ oroxylin A, 
undnodde A and B were observed to have potent 
anti-RSV activity [94-95]. Recently, a novel poly- 
nuclear aromatic compound, dubbed RFI-641, 
was studied for its anti-RSV activity [96-98] and 
seemed to act by inhibiting F-mediated fusion 
of the virus. In another report [99] a cysteinyl- 
leukotnene receptor antagonist reduced lung 
symptoms sulTsequent to RSV bronctuolitis. Infants 
(« = 130), aged 3-36 montlis and hospitalised with 
acute RSV bronchiolitis, were randomised into a 



double-blind placebo-controlled study of 5mg 
montdukast GVlerck Sharp & Dohme Ltd) chew* 
able tablets for 28 days starting up to 7 days after 
symptom debut. Those on montdukast were free 
of any symptoms on 22% of the days and nights, 
compared with 4% of the days and nights in tihose 
on placebo (p =0.015). 

RSV infection activates NF-« B as well as other 
transcription factors that in turn activate a plethora 
of pro-inflammatory cytokines and chemokines^ 
such as Il^l, IL^, RANTES (14,15,18,21,1001. Non- 
steroidal anti-inflammatory drugs CNBAID) of the 
salicylate family, such as aspirin, were shown to 
inhibit the activation of NF-kB by RSV and tliereby 
inhibit the activation of multiple cytokines in the 
RSV-infected cdl [100], Mcdimmunc was granted 
a patent (WO 0182966) for the use of NSAID 
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with immtinoprophylactic agents. Nevertheless, 
concerns about gastrointestmal and hepadc toxi- 
city of NSATDs and drug interactions with antivir- 
als rempin to be addressed- 

Several early-stage antiviral compounds are 
listed in Table 3 and include the plant flavanoid 
provlr, VP 14637 and benitoditin RD3 0028 
1101-107]. Bristol-Myers Squibb's benzimidazolc 
derivative provided 100% protection in HEp'2 
cells infected wth BSV at a concentration of 
4|.ig/inl versus 100% protection by ribavirin at 
2^ ^ig/ml. The benzimidazole analog of Johnson 
& Johnson showed potent anti-RSV activity in 
ceD ailturcs and animal models [108^09], In cell 
culture studies^ Abbott reported uihibition of 
R5V by diacetyl tartaric acid mono and diglyocr- 
idcs (DATEM) and Nissin reported inhibition 
with a sulfated sialyl Kpid (NM503) [109-1111. 
Enzimidazole from Tiimeris inhibited membrane 
fusion-associated events including syncytium for- 
mation with 50% inhibition at O.Ol jig/ml [112]. 
All the compounds listed in Table 3 that are in 
the discovery and preclinical stages claimed high 
and selective viral uiliibitory activity in RSV- 
infected HEp2 cells and exhibited low cyto- 
toxicity. Polyoxometalate (Triangle Phanna) and 
Benzoditin-RD3 (Kuraray) were recently discon- 
tinued. Antisense antivirals are reviewed below. 

ANTISENSE DRUGS 

Commonly used antisense molecules are oligo- 
deoxynudeotides (AS-ODNs) that are 15-20 
nucleotide long synthetic DNA molecules comple- 
mentary to small segments of the target mRNA. 
The antisense compounds have the advantage of 
being less complex and potentially quicker and 
more efficient than traditional drugs directed 
towards protein targets [113,114]» Modified AS- 
ODNs in which various nxunbers of phosphodie- 
ster bonds have been substituted with phosphor- 
othioate linkage are often preferred for their 
stability against nucleases present in cells and bio- 
logical fluids; however, phospborothioabe ODNs 
may have a lower sequence specificity and higher 
toxicity. The dominant mechanism of A5-ODN 
activity involves binding of the OD^3 to the com- 
plementary RNA to produce a DNA-RNA hybrid, 
followed by degradation of the RNA strand by 
RNase H. However, as RNase H is primarily a 
nuclear enzyme^ this mechanism is xu>t applicable 
to cytoplasmic RNA viruses such as RSV. 



Two alternative mechanisms have, therefore^ 
been exploited against RSV, The first one involves 
AS-ODNs designed against the translational regu- 
latory sequences of the mRNA (such as ribosome- 
binding site) so that a direct inhibit of translation is 
achieved xvithout degrading the mRNA. Such anti- 
sense ODNs, targeted against the two nonstructur- 
al proteins, NSl and NS2, achieved a substantial 
abrogation of the corresponding proteins (S. B., 
unpublished observation; US patent 5831069). 
Although the effects of the anti-NS ODNs on 
RSV are yet to be fully evaluated, it is assumed 
that they will have little or no toxicity since the 
IVS sequences have no orthologs in any other spe- 
cies. This was borne Otit by cell culture studies in 
which no obvious cytopathic effect was observed 
in iminfected A549 cells. The phosphorothioate 
oUgos are highly stable as dry powder, can be 
reconstituted with wBter, and can l>e routinely 
synthesised in a standard DNA synthesiser. 
Hybridon used AS-ODNs against viral genomic 
RNA, but discontinued them at the preclinical 
stage. About 80% viral inhibition was achieved at 
a relatively high concentration of 1 mm ODN, and 
90% inhibition, at IOm^m. The lower etfectiveness 
of these AS-ODNs could be due to the fact that 
their target, i.e. the genonUc RNA^ is tightly cov- 
ered with nudeocapsid protein. The ASODNs of 
Genta and Novopharm were in early stages of 
research when discontinued. In general, there are 
other technical problems with AS-ODNs that still 
need to be overcome. Delivery to the target cells 
is one, and analogs of DNfA and RNA are being 
investigated to improve stability. Attaining a suffi- 
dently large intracellular concentration without 
overt cellular toxidty is another challenge [114]. 
To sum up, almost all antisense compounds for 
RSV are now discontinued, and it appears that 
the corresponding resources have been shifted to 
cancer and related areas. 

In an interesting second mechanism, A5-ODN 
are coupled to 2'^'-oligoA, which recruits cellular 
2',5'-oligoA-dependent RNase L, resulting in the 
degradation of the target viral RNA 1115,1161. NIH 
and the Oeveland Clinic had licensed this techno- 
logy to a start up drug company (Manhattan 
Pharmaceuticals, formerly Atlantic) for develop- 
ment and marketing. This is difficult chemistry 
and may not be suitable for automation. These 
oligos are also relatively unstable and less effec- 
tive. At a high concentration of 33uMr 80% viral 
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mhibition, and at 7.5 nM. 90% inhibition was 
achieved. The clinical development of this strategy 
remained undear and the project was termh\ated. 

UNA INTERFBRENCE AS ANTIVIRAL 

The antivira! effect of RNA interference was first 
demonstrated against RSV [117] and has been sub- 
sequently reproduced against a number of other 
viruses^ including HTV [118,1191. The mechanism 
co-opts an evolutionary conserved cellular RNA 
degradative pathway, commonly called 'RNA 
interference' (RNAi) and found in aU eukaryotes 
[120-122]. In RSV, for example, specially designed 
double-stranded RNA (dsRNA) corresponding to 
specific viral mRNA sequences successfully 
loiocked down the targeted mRMAs and produced 
the expected mutai^it phenotypes. Thus, ablation of 
RSV fusion protein (F) abolished syncyHum forma- 
tion in cell culture. Double-stranded RNA longer 
than 30 base pairs tends to elicit an 'interferon 
response' that shuts down general translation of 
capped mRNTAs [122]. Tlie short length (21-22 nt) 
of the anti-RSV dsRNAs ruled out sxxch global 
nUubitioxv and allowed for spedfiic abrogation of 
target RNA without vmdue toxicity to the host 
[117,120]. This i$ a new and emerging area that 
holds enonno\3S potential but needs further 
research for clinical development 

DEVELOPMENT AND TESTING 
OF RSV DRUGS 

In this section we will provide a few representative 
examples of the RSV-relaled assays that are com- 
monly conducted for drug testing. All new drugs 
for RSV must undergo extensive preclinical testing 
in vitro and in vivo (animal models) as well as tox- 
icology studies, followed by clinical trials of safety 
and efficacy. Por monoclonal antibodies, the NDA 
(New Drug Application) profile of palivizumab 
can serve as a good model 152,531, For RSV vac- 
cines^ the development program is similar, but 
with more emphasis on safety and extensive clini- 
cal trials as in the case of FluMist™ ((nfluenza 
Virus Vaccine Live, Intranasal) (Medlmmime, 
Wyeth). For new antiviral drugs, an extensive pro- 
gram of safety and efficacy studies in animals 
should be developed and executed after cons- 
ultation and approval of FDA for IND jSling. 
For all types of RSV drugs, it is recommended 
that studies be done in dose cooperation with 
NIAID. 



In vitro binding/neutralisation assays 
(a) Micro-neutralisation assay: In the case of palivi- 
zumab, for example, an ELKA-based micro neu- 
tralisation assay is performed to detect virus 
replication using the Long strain of RSV; the par- 
ental MAb 1129 is used as a amtroL (b) Plaque 
reduction/neutralisation assay: Dilutions of the 
test drug are employed against RSV Long (A sub- 
type) and against RSV 1 8537 (B subtype). Palivizu- 
mab or ribavirin is often tised as the posidvc 
control- The number of plaque forming imits 
(pftO is assayed on susceptible cell lines such as 
HEp-2, and compared with palivizumab. In recent 
studies, investigational drugs were tested against a 
panel of 57 clhiical isolates from different geogra- 
phic areas of the USA/Europe, using the ELISA- 
based micro neutralisation assay [46,108-112]. 

In vivo assays (animal models of RSV) 
In the mouse model for antivirals the RSV load is 
administered intranasaHy followed by treatment 
on days 1-7 and assessment of viral load and 
lung pathology on days 4 or 8. The dosing and 
assessment vary with vaccine and antibodies 
[61,69,81,102,123^126]. 

The cotton rat (Sigmodon hispidus} model is semi- 
permissive for RSV infection. Clinical symptoms 
are not observed after infection and passive trans- 
fer of antibodies is reasonably predictable. FDA 
approval of RSV-JGIV is based on the cotton rat 
model as the only preclinical model for the anti- 
body. Nonetheless, the predictability of the cotton 
rat model with regard to vaccines must be cau- 
tiously interpreted [27,51,69,84,101,103,123^126]. 

The vims is inoculated into the nares of the ani- 
mals and the resulting viral load and pathology 
noted in the lungs and upper airways. Infected 
animals develop bronchiolitis and focal pneumo- 
nia. A variety of treatment times such as before 
infection and at different days post infection can 
be tested to define the best dosing option. The 
effective dose is commonly defined as 100-fold 
reduction in viral load in the lungs. Additional 
studies shoxild explore and define efficacy upon 
primary versus secondary infection. 

The minipng model has l>een used occasionally. 
African green monkey (no real clinical symptoms) 
and chimpanzee (only rhinorhea observed, no LRI 
s)rmptoms) are used in the later phases of drug 
trial due to their higher costs; tliey help in maldng 
the decision to go to clinical studies [69l. Rhesus 
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monkey and African green monkey models are 
closer to humans for testing vaccines, monoclonal 
antibodies^ antiviml and antisense drugs 
[76,96423,1261, The unavailability and the high 
cost of priTTiates are serious drawbacks and discou- 
rage further research, validation or routine use of 
the monkey models [69,711. The chimpanzee, in 
particular, is a protected species. Smaller New 
World primates such as the owl, spider, cebus or 
squirrel monkeys, are potential alternatives but 
would require scientific and regulatory validation 
and acceptance for routine use in RSV studiCsS. 
Bonnet monkeys and iixfant baboons are also 
under investigation as RSV infection models. 

Effect of RSV infection on serum drug levels 
Four to six cotton rats are TV-dosed with the study 
drug, followed by challenge 24 h later with 10' pfu 
of RSV Long strain. Sera levels of the drug arc 
measured using an ELISA assay specific for 
human IgC. Sera levels should be similar for unin- 
fected and infected animals. 

Biological half-life 

The pharmacokinetic (PK) profiles of proteins 
from individual or pooled bioreactor samples are 
evaluated. Animals (generally cotton rats; six/ 
gender/group) are dosed xvith the study drug, 
and samples collected up to 96 h. Evaluation of 
samples via a sandwich ELTSA provides an idea 
of the pharmacokinetics in tl\e rats. It can also offer 
ii^formation about batch-to-batch variability and 
any biochemical or glyoosylation differences as 
they may determine the half-life or potency of 
the drug. 

PK/ADME (phaimacokinetic/absorptjon- 
dis tri bution-metabolism-excreti on) 
Once the antiviral activity is established, it is com- 
mon to conduct a single dose PK study in die 
cynomolgus monkeys that have been prescreened 
to be free of RSV-fipecific antibodies- A single dose 
is administered intravenousJy, followed by blood 
sampling up to 20 days post-dose. Clinical pathol- 
ogy is determined by comparing baseline and day 
21 findings. 

Toxicology 

The exact logistics of toxicology would depend lar- 
gely on the frequency and dosage of the Investiga- 
tional drug. For vaccines that may be administered 



as only one or two injections per year or antibodies 
that may be used only once a month or so., only 
linutfid single and multiple dose toxicity studies 
are required. In contrast, cmtiviral compounds 
that may be meant for daily use require more 
extensive toxicology studies. The sponsor gener- 
ally performs safe^ studies in monkeys, rabbits 
and cotton rats. Drug administration into animab 
by different routes in single or multiple doses 
must not result in any overt dinical or histopatho- 
logical toxicity. Additionally, cross-reactivity of 
the drug is tested by incubation witl\ frozen nor- 
mal cjmomolgus monkey tissue specimens (kid- 
ney, Hver, sldn, heart, small intestine). Finally, 
human tissue cross-reactivity is ruled out using 
several human adult and neonatal tissues. Particu- 
larly extensive toxicology studies are required for 
low molecular weight antiviral compounds due to 
their greater abili^ to spread systemically and 
cross blood-organ barriers. 

Clinical antiviral trials 

The phase I trials are dose-ranging and are 
designed to establish the pharmacokinetic profile 
of the drug. The test drug at 3-^ doses is tested 
in six healthy adult subjects per dose group. The 
blood levels and plasma elimination half-life is 
determined and correlated with the data from cot- 
ton rats and other animal models. Doses higher 
than the tiierapeutic dose are thed to establish 
tl\e highest safe and effective dose. For vaccines, 
phase I studies also aim to establish the safety 
and immunogenicity. The moral and ethical dilem^ 
ma of testing new drugs on premature babies is 
very difficult to resolve for the parents as well as 
the medical profession. The initial clinical testing 
is, therefore, done in RSV-infected elderly and 
adults. 

Tl\e phase II trials differ depending on the type 
of drug. For antivirals, the first efficacy trials are 
done in immunocompromised adult patients 
such as fhe elderly or the transplant recipients suf- 
fering from RSV infections. As a rule, regulatory 
bodies prefer double-blind placebo-controlled 
trials enrolling at least 60-80 patients per aim. 
Efficacy parameters include nasal and throat 
swabs along with lung lavages to titer RSV, to 
determine the time of elimination of virus and 
complications of the disease and safety aspects. 
The subsequent study can then be done in RSV- 
infected babies. 
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For vaccines, antiscnsc and immunoprophylac- 
tic drugs the phase H trials can be started in 
patients at risk of serioxjs disease and the reduc- 
tion in the rate of RSV related hospitalisations 
can be monitored. Secondary criteria would 
indude complications during hospitalizations 
such as the risk of LRI, ventilation etc. Tl\e initial 
study can be done in infants or adult patients. 
Post vaccination siurveiUance for disease asso- 
dated with wild type RSV infection is a necessary 
component of all R5V vacdne trials in seronega- 
tive duldren; in phase t and TT triab, the primary 
purpose is to monitor for enhanced disease^ and 
in phase HI trials, to assess protection against 
RSV-assodated LRI. The use of placebo-controlled^ 
double-blind trials with post-vaccination surveil- 
lance through RSV epidemics is the model for 
future evaluation of live attenuated vacdnes in 
children. 

The phase UI protocol design is similar to the 
phase JT trial except that the number of patients 
is in the 3000-5000 range for antibodies and anti- 
virals and 12000^0000 for vacdnes. As very few 
hospitals have such a large number of patients, 
these are generally global pivotal IND studies 
Over nearly a hundred sites and requiring large 
resources. A double-blind comparative study 
with Synagis alone and in combmation with the 
invesbgative drug may be required for regulatory 
and marketing piuposes. The diiucal development 
sdiedule and trial design should be discussed with 
and approved by the FDA and/or the EMEA prior 
to initiating the trials. 

RSV DRUG DEVELOPMENT AND THE 
PHARMACEUTICAL INDUSTRY 
The final step in bringing a drtig from the bench to 
the bedside i$ the realm of the pharmaceutical 
industry^ and tl\erefore, we would like to end 
this review with an evaluation of this area of 
RSV drug development and the outlook for tl\e 
future. Information provided in the previous sec- 
tions should leave little doubt that RSV presents 
a potentially huge drug market Jn the USA alone, 
33-4 million infants acquire RSV infection per 
year, resulting in nearly 75000 hospitalisations, 
and an equal number is attributed to Europe. 
Overall, the worldwide market could easily reach 
5-10 million newborn babies. In addition, there are 
60000 elderly RSV-related hospitaHsations per 
year in the USA. The cost of treating a l\igh-risk 



child hospitalised for RSV in the USA can exceed 
$70000 [1-5,64,127]. Thus, a safe and effective new 
treatment targeted at infants and the elderly could 
bring in $5 billion per 3rear at peak sales for each 
category. Within 4 years of marketing, palivizu- 
mab has already adiieved sales of S670 n:ullion in 
the year 2002 and $849 million in 2003. If the 
current rate of over 25% sales growth continues^ 
palivizumab sales may top $1 billion in 2004 [48]. 
It is difficult to estimate the contribution of RSV- 
related sales to the worldwide total ribavirin sales 
of $1.4 billion (in tl^e year 2001); nonetheless, esti- 
mates are in the $50-75 million range. Clearly, an 
effective and safe drug, developed for prophylaxis 
can reach a blockbuster status of over several 
billions of doUars. Each of the live-attenuated 
R5V vaccines for infants and the ^ubunit vaccines 
for the elderly could reach sales of $1 billion, pro- 
vided that they are safe and effective. 

In apparent contrast, practically aU large phar- 
maceutical companies have either eliminated or 
greatly curtailed their anti-infective research activ- 
ities in the past 4 years [128-130]. Such names 
include Aventis^ Bristol'Myers Squibb, Eli Lilly, 
GlaxoSmithKlinc, Proctor & Gamble, Roche and 
Wyeth, and it is fair to assume that many others 
will follow suit. The problem was epitomised by 
a session titled 'Why is big pharma getting out of 
anti-infective drug di$cOvery?' in the 2003 ICAAC 
meeting in Chicago, in which Dr Steve Projan, a 
Wyeth R&D vice-president, was the keynote 
speaker. A plettiora of reasons, summarised under 
Conclusion, contributed to the disinterest; how- 
ever, the primary disincentive is financial. In the 
USA, the Institute of Medicine recently issued a 
report to find new ways to finance vaccine devel- 
opment [131]. 

The contribution of industrial R&D, which cov- 
ers the whole spectrum of antibodies, specific 
monoclonal antibodies, vaccines, synthetic small 
molecule andviral and antisense technology to 
control RSV, is listed in Tables 1-3- About 7 years 
ago, there were at least 25 active R&D programs. 
However, coincident to the marketing of the 
immunoglobulin palivizumab in 1998^ there has 
been a significant decline in such projects. Note 
that almost all antisense projects have now been 
discontimjed and several vaccines were discontinr 
ued at phase l-Il stage. Only four projects, a sub- 
unit G vaccine (BBG2Na), an Immimoglobulin 
(HNK20), an antiviral <Provir) and a monoclonal 
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antibody (Felvizumals), moved to pl\ase HI in Eur- 
ope after several years in phase 1/U trials. Phase m 
trials were also completed by early 2003; however, 
the results have not been released, obviously sig- 
nifying a discouraging outcome. 

At this time, only Medlmmune and NIAID 
(NIH) continue to attach a high priority to RSV 
vaccines, the first to maintain, protect and expand 
its current market dominance of RSV treatment. 
The extensive use of palivizumab in the USA 
(95% of global sales) compared with Europe (5% 
of global sales in 2002 and 2003) is probably dic- 
tated more by a relatively lower potential for liti- 
gation, a lack of other safe and effective 
alternatives, and an intelligent marketing sbrategy. 
Medlmmune involved almost all the major hospi- 
tals in the USA and Europe in their extensive 
phase III trials, thus creating market advocates. 
Palivizuniab is claimed to have prevented RSV 
infection in over 500000 infants [50,58,127], which 
is a significant achievement tliat also contributed 
to its huge commercial success. Palivizun\ab cuts 
down hospitalisation rates by almost 50%; ironi- 
cally, the other 50% constitute the empty half of 
the glass, paying a high price without deriving sig- 
nificant benefits from the treatment. Thus, there is 
certainly room for improvement in terms of effi*- 
cacy, safety and formulation. Tl\c liquid formula- 
tion, due in 2004, promises to have greater heat 
stability and ease of administmtion. In general, 
most of the current pharmaceutical efforts focus 
on the development of humanised monoclonal 
antibodies for passive immunisation, recombinant 
cDNA-based vaccines such as live attenuated, sub- 
unit G vaccine and purified fusion protein PFP for 
primaiy immunisation and annual booster. 

CONCLUSION: QUO VADIS? 
It appears that three major reasons have contribu- 
ted to the dampened enthusiasm in the anti-RSV 
industry: the inherent immunological challenges 
of RSV, the high-nsk nature of the patient popu- 
lations, and ultimately, economic factors. The vac* 
dnes and the drugs for both groups of patients — 
the elderly and the infants — must overcome major 
safety hurdles besides efficacy and stilt perform 
under the specter of expensive litigations. Our 
understanding of the RSV immunopathology in 
natural infection as well as \i\ relation to vaccines 
and antibody therapy must become more compre- 
hensive. The cost of drug development in general 



has reached astronomic proportions, currently 
estimated at $1.7 billion. Pliarmaceutical produc- 
tion of the drug in a GMP fadlity may cost an 
additional ^0 million. Time is another hin- 
drance; the development of a new vaccine typi- 
cally takes over 10 years, and clinical trials 
require 12000-45000 individuals enrolled in a 2:1 
ratio in the treatment and the placebo groups. 

An equally important factor is public awareness. 
Much has been written about the politics of Ixxly- 
counf funding and orphan diseases, and it has 
been eirgued that the extraordinary awareness 
and resources devoted to AIDS, which is a rather 
easily preventable disease, owes a great deal to the 
AIDS activists and the popular media [132-134]. 
Whether this is true or not, there is no denying 
that the past decade has indeed witnessed major 
advances in AIDS drug regimens and treatments 
including fast track approvals, reduced costs and 
user-friendly protocols^ all translating into real 
benefits to patiei\ts. Since RSV strikes at the start- 
ing and the termirud phases of life, patients are 
tmlikely to take any activist role or form pressure 
groups. The RSV advocacy group of the future will 
likely emerge from tlie parents of infiants or adults 
who have lost their parents or grandparents to 
RSV. Nonetheless, we would argue that RSV 
deserves serious attention on all counts. As 
regards body count, every 10 s one human dies 
as a result of RSV infection and another is infected. 
However, body coimt alone often does not reveal 
the total burden on the population. The staggering 
cost of RSV-related health care has been described 
above in the section on RSV Drug Development 
and The Pharmaceutical ^dustry; tfie lost time of 
workmg parents further adds to the cost Scientific 
pursuits and scholarly endeavors also sometimes 
suffer from lack of awareness or attention, with a 
ripple effect on public education. For example, 
although the antiviral effect of RNA interference 
was first reported in RSV [117], it received liltie 
[1351 or no [136] mention m some recent reviews, 
whereas essentially similar effects on other viruses 
such as HIV were highly trumpeted. 

Tliere is another factor that compoimds the pro- 
blem but often goes unappreciated- The two major 
RSV patient groups — namely the infants and the 
elderly — dwell a t the extreme ends of the age spec- 
trum, each v^th its own unique immunopathologi- 
cal, pharmacological and social issues. The infants 
have a naive immune system, whereas the elderly 



Copyright © 2004 John Wiley & Sons, Ltd. 



Reo. Med. Virol 2004; 14: 149^168. 



PA(£44/51'RCVDATSQ8/20064:53:18PM [Eastern DayOgM 



09/28/06 16:14 FAX 514 286 5474 



OGILVY RENAULT 



@1045 



1E2 



H. IDaggon and Bank 



have an aging body with multiple age-related dis- 
eases. Thus, one vaccine or drug may not work 
optimally for both. The industry, on the other 
hand, is generally reluctant to develop multiple 
regimens for what is conceived as the same disease 
because it reduces and fragments the market pro- 
jections and sales, while nearly doubling the cost. 

As we have indicated, existing therapies for 
RSV-infected patients are few, and ef&cades are 
questionable at best. The greatest success so fax 
has resulted from the use of humanised antibo- 
dies, and there is little reason to assume that the 
current status will change unless there is a major 
new breakthrough. Unfortunately, the potential 
future compounds that are under development 
and tabulated in this review have also shown lim- 
ited efficacy in animal models so far. A combina- 
tion of immunoprophylactic (vacciiie) and 
therapeutic (antiviral) approaches might be our 
best overall strategy to control KSV in a popula- 
tion. We speculate that the strongest anti-RSV regi- 
mens of tlie future will evolve from a combination 
of immunological (multiple vaccines, humanised 
antibodies, interferon) and molecuJar biological 
(antisense, RMAi, rational drugs, natural com- 
pounds) agents. In the USA, the FDA may consid- 
er granting a fast track designation to the 
prevention and treatment of RSV. At the end, how- 
ever, an international consortium of governments, 
collaborative laboratories, philanthropic indivi- 
duals and agencies, free reagent banks^ and a cer^ 
tain amount of camaraderie, sacrifice and public 
education may be needed to stop the RSV disease 
from attaining an orphan status tl37l. Precedence 
already exists for successful multi-pronged iiutia* 
tives in a number of other neglected diseases 
such as malaria and tubercviiosis [1381. The 
FoundaKon for the NTH, established by the US 
Congress, indeed identifies and develops opportu- 
nities for innovative public-private partnerships 
(www.huh.org), some of which can be channeled 
to RSV drug development. 

INFORMATION RESOURCES FOR 
RSV DRUGS 

Consulting readily available FDA/EMEA sources 
on the Internet to find unpublished data on anti- 
RSV drugs ciin lead to a better understanding of 
drug safety and efficacy. The FDA/EMEA website 
includes detailed summaries and assessments of 
the actual data submitted in support of tiie NDA. 



Reviews of pre-clinical Studies and clinical trials 
submitted to the FDA/EMGA are available 
[49,51,521. The materials distributed to the FDA 
Advisory Committee merobeT$ before approval, 
including summaries of the FDA reviews, are 
now posted on the internet the day before the 
Advisory Committee meeting <http://wwwida, 
gov/ohrms/dockets/ac/OOmtbc,htm)- The tran- 
scripts of these meetings are valuable sources of 
information for new drugs under review (http:// 
www.fda.gov/foi/electrr.htm). Similar informa- 
tion is available on the Ir\temet for public scrutiny 
for the accepted IND files of several new vaccines 
like RuMist (Influeiua virus vacdi\e live, intrana- 
sal). The NIH (NIAID), CDC, Institute of Medicine 
and Public Citizen web sites offer valuable infor- 
mation about the disease and its treatment and 
the list of ongoing trials in RSV [66,131]. MedLn- 
mune and Valeant 151,88] web sites offer prescrip- 
tion information and other details about the 
currently approved drugs. The conunerdal web 
sites of Pharma Projects, Prous Science Current 
Drugs, Scrip, BioCentury also remain important 
sources for drug R&D. BiomedCentral and 
PubMed offer free access to many full text papers 
and abstracts. In writing this review, we have con- 
sulted and cited references and patents as recent as 
December 2003 from the ISI web of Science, 
Science Direct, PubMed, WlPO, US and European 
Patent Office. To keep the number of references 
reasonable, recent reviews or papers have often 
replaoed original research papers and thus, we sin- 
cerely apologise to the many researchers whose 
work cotdd not be cited. 
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